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A STUDY OF AVAILABLE SUBSTRATES FOR THE ENDOGENOUS
RESPIRATION OF SKIN "IN VITRO*
C. N. D. CRUICKSHANK, M.D., M. D. TROTTER, PH.D. AND
J. R. COOPER, F.I.M.L.T.
Previous studies have shown that the oxygen
consumption of skin maintained in vitro without
substrate differs little from that occurring in
the presence of glucose and that even after 4
hours' incubation it is reduced by only 30 per
cent. (1) During this period the skin must there-
fore use endogenous substrate and so an attempt
has been made to determine whether glucose or
glycogen were being utilized. As an indicator of
protein catabolism estimations have also been
made of the production of urea and ammonia.
METHODS
Thin slices of guinea-pig ear skin cut and
weighed immediately as in previous studies (1)(2) were incubated at 37° C. in glass vessels in
Krebs Ringer Phosphate (3). Glucose when added
was used at a final concentration of 0.02 M.
Glycogen was estimated after the method of
Goode, Kramer and Somogyi (4). 20—40 mg. of
skin were placed in 1 ml. of 30 per cent KOll in a
centrifuge tube, immersed in boiling water and
shaken at intervals. After twenty minutes the
tissue was completely dissolved and 1.2 ml. of
95 per cent methanol was added. The mixture was
carefully heated until it began to boil, cooled and
centrifuged to precipitate the glycogen. The
supernatant was decanted and the tubes either
heated again or allowed to drain overnight to
expel the remaining alcohol. The glycogen was
hydrolyzed in the same tubes by heating with
normal 112804 for 2 to 234 hours in a boiling water
bath with a marble on top of each tube to allow
the solution to reflux. The hydrolysate was neu-
tralized by adding one drop of phenol red and
approximately 0.9 ml. of normal NaOH. The glu-
cose in solution was then estimated by the method
of Somogyi (5) and Nelson (6).
To estimate the glucose content 50—SO mg. of
skin were dropped into 0.2 ml. 7 per cent CuSO4
to which was added 0.2 ml. 10 per cent sodium
tungstate and ground in a mortar. Successive por-
tions of 3 per cent sodium sulphate solution were
added to wash the precipitate. The glucose in the
combined supernatants (volume 2 ml.) was then
estimated by the colorimetric procedures of
Somogyi and Nelson. (5) (6)
—
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Ammonia was estimated by placing 20—30 mg.
of skin in 2 ml. of a solution containing 1 ml.
Krebs Ringer Phosphate, 0.3 ml. of 10 per cent
sodium tungstate, 0.3 ml. of 0.66 N 112S04 and 0.4
ml. of water. The skin was ground in a glass homog-
enizer with a sample of this solution and trans-
ferred to a conical tube together with 2 X 0.5 ml.
washings of water. The debris and washings were
centrifuged and 2 ml. of the supernatant placed
in the outer compartment of a Conway chamber.
1 ml. of 2 per cent boric acid was placed in the
inner compartment; 1 ml. of saturated potassium
carbonate was finally added to the outer compart-
ment before the cover plate was sealed in position
with vaseline and incubated at 37°C. for one hour.
After one hour the boric acid solution containing
the trapped ammonia was transferred with 1 ml.
washings to a test tube and the ammonia esti-
mated by a modified Nessler reaction (7). Stand-
ard solutions of ammonium chloride were esti-
mated at the same time as the test solutions.
Linear calibration was obtained within the range
of concentration used.
Ammonia and urea ammonia were estimated
together in a similar manner; the tissue was first
ground in 2 ml. of a solution containing 1 ml.
Krebs Ringer Phosphate, 0.8 ml. 1120 and 0.2 ml.
urease suspension. The urease solution was pro-
duced by dissolving one urease "Dunning"(Hopkin & Williams Ltd.) tablet in 5 ml. 30 per
cent ethanol. The mixture was incubated for 15
minutes at 55—60°C. After cooling, this mixture
was subsequently treated as described for the
ammonia estimation.
RESULTS
Duplicate estimates showed that guinea-pig
ear skin contained 0.87 and 0.91 pg/mg. respec-
tively of glucose and that after 4 hours' incuba-
tion this had fallen to 0.53 pg/mg. Table 1 shows
the effects on the glycogen content of incubating
skin in the presence and absence of glucose. In
each experiment approximately 90 mg. of skin
were divided into three equal portions to esti-
mate a) the initial glycogen b) the glyeogen after
4 hours' incubation in Krebs Ringer Phosphate
and c) after similar incubation in Krebs Ringer
Phosphate which included 0.02M glucose. The
range of values obtained for the glycogen in fresh
skin fell within 0.30 pg/mg. and 0.60 pg/mg.
After incubation for 4 hours in Krebs Ringer
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TABLE 1
The utilization of glyco yen in vitro by guinea-pig ear skin slices in the presence and absence of glucose
Glycogen (pg/mg)
Experiment Number Mean SE
1 2 3 4 5 6 7 8 9
(a) Fresh skin 0.54 039 0.41 0.59 0.49 0.60 0.58 0.46 0.30 0.48 0.01
(b) Skinafter4hoursin- 0.45 0.28 0.14 0.55 0.27 0.22 0.33 0.26 0.18 0.30 0.04
cubation in KRP
Difference (a) — (b)
(c) Skinafter4hoursjn-
0.09
0.41
0.11
0.47
0.27
0.70
0.04
0.56
0.22
0.38
0.38
0.31
0.25
0.58
0.20
0.45
0.12
0.28
0.19 0.04
0.46 0.05
cubation in KRP
+ 0.02 M glucose
Difference (a) — (c) 0.13 —0.08 —0.29 0.03 0.11 0.29 0.00 0.01 0.02 0.02 0.05
TABLE 2
The comparison of I'/H3 in fresh skin and after incubation for four hours in the presence and
absence of glucose*
* Each figure is the mean of two estimations.
NH3 (pg/mg)
Phosphate the mean value of the glycogen con-
tent had significantly fallen by some 40 per cent.
This reduction was not observed when glucose
was added to the incubation mixture. The rate
of glycogen decrease in the absence of substrate
is 0.04 zg/mg. of skin per hour.
Initial experiments to measure the production
of ammonia by skin "in vitro" indicated that
the original ammonia content of skin fell rapidly
on placing it in the incubation medium, and that
this was due to the rapid diffusion of ammonia
into the medium.
Table 2 shows a comparison of a) the ammonia
content of fresh skin b) skin incubated for 4
hours' in Krebs Ringer Phosphate and c) in
Krebs Ringer Phosphate + 0.02M glucose. Low
values for the ammonia content of skin itself
are found but the ammonia content of the incu-
batiori medium accounts for this difference in
the case of skin incubated in the presence of
glucose. The most valid comparison, however, is
the total of the ammonia present in the skin and
in the incubation medium, and these values show
clearly that ammonia production occurs but
that this is inhibited by the presence of glucose.
The rate of ammonia production from endogenous
metabo]ism is 0.04 pg/mg. per hour.
Table 3 shows the amounts of ammonia
together with the ammonia produced from urea
in skin incubated for 4 hours in the presence and
absence of glucose. It can be seen that there is an
increase of urea ammonia + ammonia when
Experiment Number
3 4
(a) Fresh skin
(bi) Skin after 4 hours incubation in KRP
(bii) Incubation medium
Total (bi) + (bii)
Difference total (b) — (a)
(ci) Skin after 4 hours incubation in KRP
+ 0.02 M glucose
(cii) Incubation medium
Total (ci) + (cii)
Difference total (c) — (a)
0.75
0.57
0.31
0.88
0.13
0.49
0.25
0.74
—0.01
0.65
0.47
0.32
0.79
0.14
0.56
0.25
0.81
0.16
0.32
0.30
0.20
0.50
0.18
0.23
0.14
0.37
0.05
Mean SE
0.54 0.10
0.43 0.06
0.26 0.03
0.69 0.09
0.15 0.02
0.38 0.09
0.22 0.03
0.60 0.10
0.07 0.02
0.42
0.37
0.20
0.57
0.15
0.24
0.24
0.48
0.06
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TABLE 3
The comparison of NH3 derived from urea plus NH3 in fresh skin and after incubation for four hours in the
presence and absence of glucose
Experiment Number
Urea (NH) + NH, pg/mg
Mean SE
1 2 3 4 5
(a) Fresh skin
(b) Skin after 4 hours incubation in
KRP
Difference (b) — (a)
(c) Skin after 4 hours incubation in
KRP + 0.02 M glucose
Difference (c) — (a)
0.72
0.99
0.27
0.71
—0.01
0.98
1.05
0.07
0.93
—0.05
0.80
0.83
0.03
0.80
0.00
0.70
0.90
0.20
0.77
0.07
0.86
1.10
0.24
0.94
0.08
0.81 0.05
0.97 0.05
0.16 + 0.05
0.83 0.05
0.02 0.02
the skin is incubated in the absence of substrate
but that this is abolished when glucose is added
to the incubation mixture. The calculated rate
of ammonia production of 0.04 pg/mg. per hour
is the same as that which occurs when ammonia
only is estimated—thus there is no increase
of the urea content during this period.
DIScUssION
The value obtained for the glucose content of
guinea-pig ear skin falls within the range quoted
for other animals by Rothman (5). Slightly less
than half the glucose was used during 4 hours'
incubation representing a rate of utilization of
approximately 0.1 pg/mg. per hour. Since 1 pl.
of oxygen is used in the complete oxidation of
1.34 pg. of glucose the glucose used in this
experiment could account for an oxygen uptake
of only 0.07 pl. per hour.
The values obtained for the glycogen content
of guinea-pig ear skin are somewhat lower than
those previously reported by Rothman (5), in
other species. From our experiments it is clear
that a proportion of this glycogen can be metab-
olized but it seems likely that it is not all avail-
able for this purpose in contrast with muscle in
which glycogen can be readily metabolized. The
theoretical contribution which glycogen metab-
olism could make to the total oxygen uptake of
skin respiring in the absence of substrate is very
small. The glycogen utilization rate of 0.05 pg/
mg. per hour is about 3—5 per cent of the total
respiration on the basis of the previous assump-
tion.
The consistent production of ammonia in the
absence of added substrate implies that catab-
olism of protein is being carried out and the
absence of an increase in urea content further
suggests that little if any of the protein derived
ammonia is being converted to urea in the skin.
It has been shown that skin slices produce
0.04 pg. NH1 per mg. per hour (0.033 pgN per
mg. per hour) when incubated in the absence of
substrate. If the utilized protein contains 16
per cent N. this represents 0.206 pg. protein
per mg. per hour. When calculated on the basis
that the production of 1 g. of urinary nitrogen
results in the utilisation of 5.923 1. of oxygen
then a nitrogen excretion from the skin of 0.033
pg/mg. per hour would represent an oxygen
utilization of 0.2 pg/mg. per hour or approxi-
mately 25—30 per cent of the endogenous
respiration. This calculation is based on the
assumption that the protein is broken down to
the same degree as in the intact animal and is
therefore maximal, the minimal value being
that which would be obtained if only deamination
occurred without any utilization of deaminated
residues. The true value for endogenous respira-
tion due to protein metabolism may thus be
somewhat less.
It has been shown that in the absence of sub-
strate the mean respiration rate of skin over 5
hours is 0.84 p1/mg. per hour (1) and if an
approximation is made of the proportion of the
oxygen consumption which could he accounted
for by the utilization of glucose, glyeogen and
protein it is found that glucose could account
for 0.07 p1/mg. per hour, glycogen 0.05 p1/mg.
per hour and protein 0.2 p1/mg. per hour
making a theoretical total of 0.32 p1/mg. per
hour.
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While it is possible that traces of preformed
lactic acid might contribute to some degree it is
very likely that, by exclusion, the main energy
source for the endogenous respiration of skin is
lipid. This is consistent with the low Rq value
of 0.7 found by Berenblum, Chain and ileatley
(9). More recently Yardley (10) has provided
direct evidence of the catabolism of phospholipid
in skin maintained in the absence of substrate.
SUMMARY
1. Estimations have been made of the glucose,
glyeogen, ammonia and urea in skin before and
after incubation for 4 hours at 37°C in the
presence and absence of glucose.
2. In the absence of glucose the skin glucose
decreased from 0.91 pg/mg. to 0.53 pg/mg.
and the glycogen from 0.48 pg/mg. to 0.30
pg/mg.; the skin ammonia increased from
0.54 pg/mg. to 0.69 pg/mg. and no changes
were observed in the urea content which was
0.37 pg/mg. The utilization of glyeogen and
production of ammonia were inhibited by
added glucose.
3. These changes could account for an oxygen
consumption of approximately 0.3 p1/mg. per
hour which is considerably less than half of the
observed oxygen consumption. It therefore
seems likely that in the absence of substrate the
main energy source for this respiration of skin
in vitro is lipid.
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